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(54) Double-sided liquid crystal display device and information appliance

(57) A double-sided liquid crystal display device (10)
includes a liquid crystal (16), first and second electrodes
(23, 26) for driving the liquid crystal (16), first and second
polarizing means (13, 19) disposed at both sides of the
liquid crystal (16), a front light (6) disposed on the oppo-
site side of the liquid crystal (16) of the first polarizing
means (13), and semitransmission reflecting means (21)
disposed at the second polarizing means side of the liquid
crystal (16) for passing a part of light from the front light
side passing through the liquid crystal (16). The first po-
larizing means (13) are optically disposed so as to absorb
or transmit light passing through the liquid crystal (16),
and the second polarizing means (19) are optically dis-
posed so as to absorb or transmit light passing through
the liquid crystal (16) and then passing through the semi-
transmission reflecting means (21).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a double-side
display type liquid crystal display device allowing the dis-
play image to be recognized from both face and reverse
sides, and an information appliance using the same such
as mobile phone, personal digital assistant (PDA), and
wristwatch.

BACKGROUND ART

Prior Art 1

[0002] A prior art of liquid crystal display device is dis-
closed, for example, in Japanese Unexamined Patent
Publication No. 326515/1998, in which a reflection type
liquid crystal display element having a reflector is provid-
ed, and a front illumination device (front light) is disposed
in front of the reflection type liquid crystal element, and
this reflection type liquid crystal display device is used
by putting off the front light where a sufficient quantity of
ambient light is available, for example, in an outdoor
place during daytime, and is used by lighting the front
light where sufficient quantity of ambient light is not ob-
tained.

Prior Art 2

[0003] Other prior art of liquid crystal display device is
a semitransmission reflection type liquid crystal display
device for making reflection type display using external
light in a bright place, or transmission type display by
backlight in a dark place.
[0004] As proposed, for example, in Japanese Unex-
amined Patent Publication No. 186362/1998, this semi-
transmission reflection type liquid crystal display device
has a liquid crystal display panel 100 including front side
polarizing means, front side transparent plate, transmis-
sion type liquid crystal display unit, back side transparent
plate, and back side polarizing means as shown in a sec-
tional view of Fig. 19, in which a backlight 120 composed
of a fluorescent lamp, a reflector and a triangular light-
conducting plate is disposed at the opposite side (back
side) of the observation side of this liquid crystal display
panel 100, and semitransmission reflecting means 110
composed of half mirror or magic mirror having aluminum
or the like affixed to a thin transparent film base by vapor
deposition, with the film base being adhered, for exam-
ple, to the back side of the back side polarizing means,
is disposed between the backlight 120 and the transmis-
sion type liquid crystal display unit. In Fig. 19, reference
numeral 130 denotes a light scattering plate comprising
prism plate or diffusion film, 140 a circuit board for driving
the liquid crystal display panel 100, and 150 a casing
accommodating the liquid crystal display panel 100,
semitransmission reflecting means 110, backlight 120,

scattering plate 130 and circuit board 140.
[0005] In the semitransmission reflection type liquid
crystal display device having such configuration, in a
bright place, external light is taken in as indicated by ar-
row b, and reflection type display is made by making use
of the light reflected by the semitransmission reflecting
means 110, and in a dark place, the backlight 120 is lit,
and transmission type display is made so that the display
might be recognized by the light passing through the
semitransmission reflecting means 110 as indicated by
arrow a.

Prior Art 3

[0006] A different example of semitransmission reflec-
tion type liquid crystal display device is disclosed, for ex-
ample, in Japanese Unexamined Patent Publication No.
083494/2001, that is, as shown in a sectional view of Fig.
20, this semitransmission reflection type liquid crystal dis-
play device comprises a transparent first substrate 210;
a transparent second substrate 220 disposed oppositely
to this first substrate 210, and having a color filter, a trans-
parent electrode and an alignment film disposed at the
side opposite to the first substrate 210; a liquid crystal
230 interposed between the first substrate 210 and sec-
ond substrate 220; a backlight 240 disposed at the op-
posite side of the liquid crystal 230 of the first substrate
210; a transparent second insulation film 250 disposed
at the side opposite to the second substrate 220 of the
first substrate 210; a reflection electrode 260 disposed
on the second insulation film 250 and having an opening
for passing light from the backlight 240; a transparent
first insulation film 270 disposed on the reflection elec-
trode layer 260; and an alignment film 280 disposed on
the first insulation film 270. In Fig. 20, moreover, refer-
ence numeral 291 denotes a polarizer, 292 a phase dif-
ference plate, and 293 a sealing material.
[0007] The semitransmission reflection type liquid
crystal display device having such configuration can dis-
play by changing over between reflection type display
using the light reflected by the reflection electrode 260
by taking in external light, and transmission type display
using the light passing through the opening in the reflec-
tion electrode 260 emitted from the backlight 240. Fur-
ther, in this prior art 3, unlike prior art 2, there is no trans-
parent electrode between the reflecting means and the
liquid crystal, and the optical path is shorter in the reflec-
tion type display, and therefore the parallax in display
image is reduced and the brightness in display image is
enhanced.

Prior Art 4

[0008] A conventional information appliance dis-
closed, for example, in Japanese Unexamined Patent
Publication No. 163638/1996, is a mobile phone com-
prising, as shown in a perspective view of Fig. 21, a first
main body having various operation switches, and a sec-
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ond main body having a liquid crystal display device con-
nected thereto in an opening and closing manner for vis-
ibly displaying various kinds of information, and when the
second main body is opened, a large screen image dis-
play is possible by the liquid crystal display device, and
when the second main body is closed, it is reduced to a
compact size suited to portable use. In Fig. 21, specifi-
cally, reference numeral 301 denotes the first main body
having various function switches 307 including alphanu-
merical input switches, 302 denotes the second main
body having the liquid crystal display device 304 for vis-
ibly displaying various kinds of information and coupled
to the first main body 301 in an opening and closing man-
ner, 303 denotes a coupling unit of the first main body
301 and second main body 302, 305 denotes an antenna,
and 306 denotes a button switch for validating the inside
and outside range display function when the second main
body 302 is manipulated in closed state. Reference nu-
meral 308 denotes a lamp displaying "inside" or "outside",
and specifically the inside range is displayed in a green
light and the outside range in a red light, or the range is
indicated by lighting or flickering, so that the inside and
outside can be known at a glance.
[0009] In the information appliance having such con-
figuration, when the button switch 306 is manipulated in
the closed state of the second main body 302, the display
lamp 308 displays, so that either "inside" or "outside" of
the range can be visually recognized easily.
[0010] The conventional liquid crystal display device
is thus constituted, and whether in reflection type liquid
crystal display device or semitransmission reflection type
liquid crystal display device, there is only one display
panel, and there is even no idea about liquid crystal dis-
play device capable of displaying in both face and reverse
sides.
[0011] In the conventional folding type information ap-
pliance, when the second main body is closed, although
the inside or outside of the range can be visually recog-
nized by the lit color, or lighting or flickering of the display
lamp disposed separately from the liquid crystal display
device, the display image by the liquid crystal display
device cannot be recognized visually in the closed state
of the second main body same as in the opened state.
As a countermeasure, there might be considered to add
an extra liquid crystal display device exclusive for closed
state of the second main body, but the number of parts
is increased, and hence the weight, volume and cost are
increased.

Prior Art 5

[0012] Other conventional information appliance is an
electronic appliance disclosed, for example, in Japanese
Unexamined Patent Publication No. 193956/2000, which
is one liquid crystal display device comprising, as shown
in Fig. 22, a liquid crystal 516 enclosed by a pair of first
reflection polarizer 599 and first absorption type polarizer
531, and second reflection polarizer 539 and second ab-

sorption type polarizer 519; and a light source light-con-
ducting plate 512 disposed at the outermost side. In a
bright place, reflection type image can be seen by making
use of external light b from both sides, and in a dark place,
by emitting light a from the light source light-conducting
plate 512, a bright reflection screen can be observed
through the light-conducting plate from the light source
light-conducting plate 512 side, or from the opposite side,
a bright transmission image can be seen.
[0013] Here, reference numeral 526 denotes a trans-
parent electrode for driving the liquid crystal 516, and
550 a scattering layer.
[0014] However, in the liquid crystal display device dis-
closed in Japanese Unexamined Patent Publication No.
193956/2000 and the electronic appliance using the
same, when the surrounding is slightly bright, if the image
is observed from the opposite side of the light source
light-conducting plate 512, since the external light b is
insufficient, the brightness is not enough even in the liquid
crystal element driven by the transparent electrode 526
so that the external light b is reflected by the first reflection
polarizer 599 to be displayed in white. At this time, to
increase the brightness of the image, if the light source
light-conducting plate 512 is lit to emit light a, the polar-
ized light a after passing through the first reflection po-
larizer 599 and first absorption type polarizer 531 is re-
flected by the second reflection polarizer 539 in this liquid
crystal element, and cannot pass, so that the brightness
cannot be increased.
[0015] To the contrary, in the case of the liquid crystal
display device being driven so that the external light b
passes through the first reflection polarizer 599 and is
not reflected to be displayed in black, the polarized light
a passing through the first reflection polarizer 599 and
first absorption type polarizer 531 is not reflected by the
second reflection polarizer 539, but passes through the
same, and hence the black display becomes bright and
the contrast is lowered, thereby the display quality dete-
riorates.
[0016] The present invention is made to solve the prob-
lems of these prior arts, and it is a first object thereof to
present a double-side display type liquid crystal display
device capable of displaying a bright image of excellent
display quality on both face and reverse sides.
[0017] It is a second object thereof to present an infor-
mation appliance allowing to recognize a display image
by one liquid crystal display device in both opened state
and closed state of a second main body, without adding
a new image display device.

DISCLOSURE OF INVENTION

[0018] A double-side display type liquid crystal display
device of the present invention includes a liquid crystal,
first and second electrodes for driving the liquid crystal,
first and second polarizing means disposed on both sides
of the liquid crystal, a front light disposed at the opposite
side of the liquid crystal of the first polarizing means, and
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semitransmission reflecting means disposed at the sec-
ond polarizing means side of the liquid crystal for passing
a part of light from the front light side passing through
the liquid crystal, in which the first polarizing means is
optically disposed so as to absorb or transmit light pass-
ing through the liquid crystal, and the second polarizing
means is optically disposed so as to absorb or transmit
light passing through the liquid crystal and then passing
through the semitransmission reflecting means.
[0019] Moreover, the semitransmission reflecting
means is a reflector disposed between the liquid crystal
and the second polarizing means, and having a trans-
mission window for passing a part of light from the front
light side passing through the liquid crystal.
[0020] Moreover, the first and second electrodes are
transparent electrodes disposed between the liquid crys-
tal and first polarizing means and the liquid crystal and
second polarizing means respectively, and the reflector
having a transmission window is disposed at the opposite
side of the liquid crystal of the second electrode.
[0021] Moreover, the semitransmission reflecting
means is a reflection polarizer disposed between the liq-
uid crystal and the second polarizing means, for reflecting
light having a specified polarizing characteristic and
passing all other light.
[0022] Further, the device includes first and second
glass substrates holding the liquid crystal therebetween
and disposed between the liquid crystal and the first and
second polarizing means respectively, and a color filter
at either liquid crystal side of the first or second glass
substrate; the reflection polarizer is adhered to the op-
posite side of the liquid crystal of the second substrate;
and the thickness of the second substrate is 5 times or
less of the narrowest width of the color filter.
[0023] Further, the device includes a metal wiring elec-
trically connected to the first electrode or second elec-
trode, and a first quarter λ phase difference plate is dis-
posed between the metal wiring and first polarizing
means when the metal wiring is located between the liq-
uid crystal and the first polarizing means, or between the
metal wiring and reflection polarizer when the metal wir-
ing is located between the liquid crystal and reflection
polarizer.
[0024] Further, the device includes a metal wiring elec-
trically connected to the first electrode or second elec-
trode, and a low reflection layer of lower reflectivity of
light than that of the metal wiring disposed at the opposite
side of the liquid crystal of the metal wiring, the low re-
flection layer being optically disposed closely in a shape
after the metal wiring.
[0025] An information appliance of the present inven-
tion includes a first main body having various operation
switches, and a second main body having display means
for visually displaying various kinds of information, being
coupled to the first main body in an opening and closing
manner. The display means is a double-side display type
liquid crystal display device including a liquid crystal, first
and second electrodes for driving the liquid crystal, first

and second polarizing means disposed on both sides of
the liquid crystal, a front light disposed at the opposite
side of the liquid crystal of the first polarizing means, and
semitransmission reflecting means disposed at the sec-
ond polarizing means side of the liquid crystal for passing
a part of light from the front light side passing through
the liquid crystal; windows are disposed at the inner side
of the casing and at the outer side thereof when the sec-
ond main body is closed; the surface of the front light
side of the double-side display type liquid crystal display
device is disposed at one window; and the surface of the
second polarizing means side of the double-side display
type liquid crystal display device is disposed at the other
window.
[0026] The surface of the double-side display type liq-
uid crystal display device on the front light side is dis-
posed at the window provided at the outer side of the
second main body, and the surface of the double-side
display type liquid crystal display device on the second
polarizing means side is disposed at the window provided
at the inner side.
[0027] The appliance further includes opening/closing
judging means for judging the opening or closing of the
second main body, and a front light lighting switch which
cooperates with the opening/closing judging means for
lighting the front light when the main body is judged to
be opened.
[0028] The appliance further includes writing direction
inverting means for inverting the writing direction of dis-
play image data into each pixel of the double-side display
type liquid crystal display device in vertical or lateral di-
rection.
[0029] The appliance further includes data converting
means for converting the data of display image into data
inverted in vertical or lateral direction.
[0030] The appliance further includes data converting
means for converting the gradation of the data of display
image.
[0031] The appliance further includes a second quarter
λ phase difference plate disposed at the opposite side
of the liquid crystal of the second polarizing means of the
double-side display type liquid crystal display device.

BRIEF DESCRIPTION OF DRAWINGS

[0032]

Fig. 1 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
1 of the present invention;
Fig. 2 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment
1 of the present invention;
Fig. 3 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment

5 6 



EP 1 942 368 A1

5

5

10

15

20

25

30

35

40

45

50

55

1 of the present invention;
Fig. 4 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment
1 of the present invention;
Fig. 5 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment
1 of the present invention;
Fig. 6 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
2 of the present invention;
Fig. 7 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
3 of the present invention;
Fig. 8 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment
3 of the present invention,
Fig. 9 is a diagram explaining the double-side display
type liquid crystal display device and the information
appliance using the same according to Embodiment
3 of the present invention;
Fig. 10 is a diagram explaining the double-side dis-
play type liquid crystal display device and the infor-
mation appliance using the same according to Em-
bodiment 3 of the present invention;
Fig. 11 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
4 of the present invention;
Fig. 12 is a diagram explaining the double-side dis-
play type liquid crystal display device and the infor-
mation appliance using the same according to Em-
bodiment 4 of the present invention;
Fig. 13 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
5 of the present invention;
Fig. 14 is a diagram explaining the double-side dis-
play type liquid crystal display device and the infor-
mation appliance using the same according to Em-
bodiment 5 of the present invention;
Fig. 15 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
6 of the present invention;
Fig. 16 is a diagram explaining a double-side display
type liquid crystal display device and an information
appliance using the same according to Embodiment
7 of the present invention;
Fig. 17 is a diagram explaining the double-side dis-
play type liquid crystal display device and the infor-
mation appliance using the same according to Em-
bodiment 7 of the present invention;
Fig. 18 is a diagram explaining the double-side dis-

play type liquid crystal display device and the infor-
mation appliance using the same according to Em-
bodiment 7 of the present invention;
Fig. 19 is a diagram explaining a semitransmission
reflection type liquid crystal display device in Prior
Art 2;
Fig. 20 is a diagram explaining a semitransmission
reflection type liquid crystal display device in Prior
Art 3;
Fig. 21 is a diagram explaining an information appli-
ance in Prior Art 4; and
Fig. 22 is a diagram explaining a double-side display
type liquid crystal display device in Prior Art 5.

BEST MODE FOR CARRYING OUT THE INVENTION

EMBODIMENT 1

[0033] An example of a foldable mobile phone accord-
ing to Embodiment 1 of the present invention is explained
below with reference to the drawings.
[0034] Fig. 1 to Fig. 5 are diagrams explaining a dou-
ble-side display type liquid crystal display device and an
information appliance using the same according to Em-
bodiment 1 of the present invention, and more specifically
Fig. 1 is a partially cut-away appearance view showing
a folded state (closed state of second main body) of a
foldable mobile phone as an information appliance, Fig.
2 is a partially cut-away appearance view showing an
opened state of the second main body, Fig. 3 is a sec-
tional view magnifying essential parts in Fig. 1, Fig. 4 is
a diagram explaining the writing direction of display im-
age data into each pixel of the double-side display type
liquid crystal display device in the closed state of the sec-
ond main body, and Fig. 5 is a diagram explaining the
writing direction of display image data into each pixel of
the double-side display type liquid crystal display device
in the opened state of the second main body.
[0035] In Fig. 1 and Fig. 2, reference numeral 1 de-
notes a first main body having various operation switches
2, 3 a second main body having a double-side display
type liquid crystal display device for visually displaying
various kinds of information, 4 a hinge for coupling the
second main body 3 to the first main body 1 in an opening
and closing manner, and 5 a transparent cover. A double-
side display type liquid crystal display device 10 is de-
scribed later in detail with the use of Fig. 3.
[0036] A foldable mobile phone of the Embodiment
comprises a first main body 1 having various function
switches 2 including alphanumeric input switches, and a
second main body 3 having a double-side display type
liquid crystal display device 10 for visibly displaying var-
ious kinds of information as display means. The second
main body 3 is coupled to the first main body 1 by a hinge
4 so as to be openable and closable. Openings (windows)
are provided at both the outer side coming to the outside
and the inner side coming to the inside when the second
main body 3 is closed, and a transparent cover 5 is pro-
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vided at the outer side opening (the window provided at
the outer side) so as to dispose the front light side surface
of the double-side display type liquid crystal display de-
vice 10, and the surface of the double-side display type
liquid crystal display device 10 on the second polarizing
means side is provided at the inner side opening (the
window provided at the inner side), thereby composing
a display unit.
[0037] In Fig. 3, reference numeral 6 denotes a front
light having a light source 11 composed of light-emitting
diode (LED) and a light-conducting plate 12, 12a a re-
flection prism provided in the light-conducting plate 12,13
a color filter (CF) side polarizer corresponding to first po-
larizing means, 14 a CF side phase difference plate, 15
a CF side glass substrate corresponding to transparent
first substrate, 16 a liquid crystal layer, 17 a thin film tran-
sistor (TFT) array side glass substrate corresponding to
transparent second substrate, 18 a TFT array side phase
difference plate, 19 a TFT array side polarizer corre-
sponding to second polarizing means, 20 a gate TFT, 21
a reflection electrode having a transmission window 22,
23 a TFT array side transparent electrode corresponding
to second electrode, 25 a CF, 26 a CF side transparent
electrode corresponding to first electrode, 27 a transpar-
ent insulation film, and 40 a quarter λ phase difference
plate (second quarter λ phase difference plate). Refer-
ence numeral 101a denotes a liquid crystal display panel
having the liquid crystal 16 and first and second elec-
trodes 26 and 23 for driving the liquid crystal 16, and in
this Embodiment it further includes the reflection elec-
trode 21 having the transmission window 22 (correspond-
ing to the reflector having the transmission window for
passing a part of light from the front light 6 side passing
through the liquid crystal 16), and this is a semitransmis-
sion type liquid crystal display panel for passing a part
of light passing through the liquid crystal 16 and reflecting
the remainder. The liquid crystal 16 is driven by the first
electrode 26 and second electrode 23, and the quantity
of birefringence of the liquid crystal 16 is controlled.
[0038] In this Embodiment, a pixel electrode 24 is com-
posed of the reflection electrode 21 having the transmis-
sion window 22 and the TFT array side transparent elec-
trode 23, and the pixel electrode 24 are aligned in an
array on the TFT array side glass substrate 17.
[0039] The double-side display type liquid crystal dis-
play device 10 of the Embodiment mainly comprises the
following members. That is, it comprises a transparent
first substrate 15 having a transparent first electrode 26
formed thereon, a transparent second substrate 17 hav-
ing a transparent second electrode 23 formed thereon
and disposed oppositely to the first substrate 15, a liquid
crystal 16 held between the first substrate 15 and second
substrate 17, first polarizing means 13 and second po-
larizing means 19 disposed respectively at the opposite
side of the liquid crystal 16 of the first substrate 15 and
second substrate 17, semitransmission reflection means
21, 22 disposed between the liquid crystal 16 and second
polarizing means 19 for passing a part of light passing

through the first substrate 15 and liquid crystal 16, and
a front light 6 disposed at the opposite side of the first
substrate 15 of the first polarizing means 13.
[0040] More specifically, the double-side display type
liquid crystal display device 10 of the Embodiment com-
prises a front light 6 composed of a light source 11 and
a front light light-conducting plate 12, a CF side glass
substrate 15 having a CF 25 and a CF side transparent
electrode 26, a TFT array side glass substrate 17, a liquid
crystal 16 of, for example, TN liquid crystal enclosed by
these two glass substrates 15, 17, a reflection electrode
21 having a transmission window 22 for passing a part
of light backward, a TFT array side transparent electrode
23 to which a voltage is applied through a gate TFT 20
same as the reflection electrode 21, a phase difference
plate 18, a second polarizer (TFT array side polarizer 19)
and a quarter λ phase difference plate 40 sequentially
adhered to the TFT array side glass substrate 17, and a
phase difference plate 14 and a first polarizer (CF side
polarizer 13) sequentially adhered to the color filter side
glass substrate 15.
[0041] When the second main body 3 is closed, the
inner side of the first main body 1 is opposite to the quarter
λ phase difference plate 40.
[0042] Referring now to Fig. 1, Fig. 3 and Fig. 4, there
is explained the operation of the double-side display type
liquid crystal display device of the Embodiment and the
foldable mobile phone using the same when its second
main body 3 is closed, relating to a case of lighting of the
front light 6. As shown in Fig. 1, when the second main
body 3 is closed, the surface of the front light 6 side of
the double-side display type liquid crystal display device
10 is shown to the user side.
[0043] In Fig. 3, as indicated by arrow L, the light emit-
ted from the light source 11 spreads by diffusing and
propagating through the light-conducting plate 12, and
is radiated to the CF side polarizer 13 as indicated by
arrow Li by a reflection prism 12a provided in the light-
conducting plate 12. The radiated light enters the CF side
polarizer 13 to be a straight polarized light, and passes
through the CF side phase difference plate 14, first sub-
strate 15, liquid crystal 16, and TFT array side transparent
electrode 23, and reaches the reflection electrode 21.
Further, as indicated by arrow Lr, it is reflected by the
reflection electrode 21 to be a reflected light, which pass-
es again through the liquid crystal 16, first substrate 15,
CF side phase difference plate 14, CF side polarizer 13,
front light 6, and transparent cover 5, and is visually rec-
ognized by the user at the front light 6 side of the double-
side display type liquid crystal display device 10 (reflec-
tion type display).
[0044] At this time, depending on the quantity of bire-
fringence of the liquid crystal 16 layer determined by the
electric field between the voltage applied to the pixel elec-
trode 24 and the CF side transparent electrode 26, and
on the quantity of birefringence of the CF side phase
difference plate 14, the transmissivity of the reflected light
indicated by arrow Lr when passing through the CF side
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polarizer 13 varies in a range of 0 to 1, and accordingly
by setting the voltage applied to the pixel electrode 24,
in every pixel, depending on the image, the image display
is realized. Usually it is set to heighten the transmissivity
when the electric field is 0, and lower the transmissivity
to 0 when the electric field becomes stronger.
[0045] Fig. 4 is a diagram explaining the writing direc-
tion of the image display data when the second main
body is closed into each pixel of the double-side display
type liquid crystal display device, showing the display
image of the double-side display type liquid crystal dis-
play device 10 seen from the CF side glass substrate
(first substrate) 15 side. In Fig. 4, reference numeral 51
denotes a gate line, 52 a gate driver, 54 a source line,
and 55 a source driver. A plurality of gate lines 51 and
source lines 54 are disposed each in the vertical direction
and lateral direction, and a pixel composed of gate TFT
20 and pixel electrode 24 is disposed at each intersection.
Reference numeral 61 denotes an image signal gener-
ating device, 62 opening/closing judging means for judg-
ing the opening or closing of the second main body 3,
and 63 writing direction inverting means for inverting the
writing direction of display image data into each pixel of
the double-side display type liquid crystal display device
in the vertical direction, corresponding to the opening or
closing of the second main body 3, in collaboration with
the opening/ closing judging means 62.
[0046] The image signal generating device 61 is com-
posed of, for example, frame memory and CPU, and se-
quentially generates image signals to be written into each
pixel of the double-side display type liquid crystal display
device and writing timing signals.
[0047] The opening/closing judging means 62 is com-
posed of, for example, cantilever and switch, and judges
whether the second main body 3 is closed or open by
detecting, for example, the angle of the hinge 4.
[0048] The writing direction inverting means 63 is com-
posed of, for example, electronic circuit, and controls, for
example, the gate driver 52, changes over the start gate
and shift direction of the shift register, and inverts the
selection sequence of gate lines 51, such as from corner
A to C when the second main body 3 is closed, or from
corner C to A when the second main body 3 is open,
thereby inverting the writing direction of display image
data into each pixel of the liquid crystal display device in
the vertical direction without changing the sequence of
the image signal outputs from the image signal generat-
ing device 61 and the writing timing.
[0049] The opening/closing judging means 62 for judg-
ing the opening or closing of the second main body 3
judges that the second main body 3 is closed. In conse-
quence, the writing direction inverting means 63 sets the
selection sequence of the gate lines 51 to shift from the
gate line of the corner A side to the direction of C side.
Therefore, the gate lines 51 for applying gate ON voltage
are sequentially changed from corner A to direction of C
among gate lines 51 by the gate driver 52, and at the
same time, in the selected state of the gate line, the cor-

responding image data sent from the image signal gen-
erating device by the source driver 55 is changed over
to the gradation voltage, which is applied in batch to all
source lines 54, and it is applied to the pixel electrode 24
of each element on the selected gate line. By repeating
this operation to the gate line of corner C, the image can
be formed in a line sequence system from corner A to C,
so that the image of the reflection mode can be visually
recognized through the cover window 5 from the front
light 6 side of the double-side display type liquid crystal
display device 10.
[0050] So far, an example of lighting of the front light
6 is explained, but it is the same when using external
light (indicated by arrow Lo) by putting out the front light 6.
[0051] Therefore, a bright image can be displayed by
using both the light of the front light 6 and external light
(arrow Lo) at the same time.
[0052] Here, effects of transmission light (arrow Ld)
when the second main body 3 is closed are studied. The
reflection electrode 21 has a transmission window 22,
and a part of the front light radiated light (arrow Li) reach-
ing the reflection electrode 21 leaks to the opposite side
through the transmission window 22 to be transmission
light (arrow Ld). This transmission light (arrow Ld) is re-
flected by the surface of the first main body 1 to be scat-
tered reflected light (arrow Ls). This scattered reflected
light (arrow Ls) passes again through the double-side
display type liquid crystal display device 10, and when it
leaks to the direction of the transparent cover 5, it induces
color oozing, contrast decline or contour blurring. In this
Embodiment, however, the quarter λ phase difference
plate 40 is provided at the outside of the TFT array side
polarizer 19, and the scattered reflected light (arrow Ls),
after leaving the TFT array side polarizer 19, passes
through the quarter λ phase difference plate 40 twice,
and hence it becomes a straight polarized light orthogo-
nal to the axis of polarization of the TFT array side po-
larizer 19 to be absorbed by the TFT array side polarizer
19. As a result, such adverse effects as mentioned above
are suppressed.
[0053] Referring next to Fig. 2, Fig. 3 and Fig. 5, there
is explained the operation of the double-side display type
liquid crystal display device and the foldable mobile
phone using the same according to the Embodiment
when its second main body 3 is opened. As shown in Fig.
2, when the second main body 3 is opened in the vertical
direction, the opposite side (reverse side) of the front light
6 of the double-side display type liquid crystal display
device 10 is shown to the user side.
[0054] The foldable mobile phone according to the Em-
bodiment has a front light lighting switch (not shown) for
lighting the front light 6 when the opening/closing judging
means 62 judges that the second main body 3 is open,
and therefore when the opening/closing judging means
62 judges that the second main body 3 is open by de-
tecting, for example, the angle of the hinge 4, the front
light 6 is lit up automatically.
[0055] The light emitted from the light source 11 of the
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front light 6 spreads by diffusing and propagating through
the front light light-conducting plate 12, and is radiated
to the CF side polarizer 13 side by a reflection prism 12a
provided in the light-conducting plate 12. The radiated
light enters the CF side polarizer 13 to be a straight po-
larized light as indicated by arrow Li, and passes through
the CF side phase difference plate 14, first substrate 15,
liquid crystal 16, TFT array side transparent electrode 23
or the like, and reaches the reflection electrode 21, which
is same as the operation in the case of closing of the
second main body 3. Further, as indicated by arrow Ld,
it passes through the transmission window 22 of the re-
flection electrode 21, and transmission light leaks to the
reverse side. This transmission light passes through the
TFT array side phase difference plate 18, TFT array side
polarizer 19 or the like, and further passes through the
quarter λ phase difference plate 40, to be visually recog-
nized by the user at the reverse side of the double-side
display type liquid crystal display device 10 (transmission
type display).
[0056] At this time, depending on the quantity of bire-
fringence of the liquid crystal 16 layer determined by the
electric field between the voltage applied to the pixel elec-
trode 24 and the CF side transparent electrode 26, and
on the quantity of birefringence of the CF side phase
difference plate 14 and the TFT array side phase differ-
ence plate 18, the transmissivity of the transmission light
indicated by arrow Ld when passing through the TFT
array side polarizer 19 varies in a range of 0 to 1, and
accordingly by setting the voltage applied to the pixel
electrode 24, in every pixel, depending on the image, the
image display by so-called transmission mode is real-
ized. Generally, same as in the reflection mode, the quan-
tity of birefringence of the TFT array side phase difference
plate 18 is set so as to minimize also the transmissivity
of the transmission light in the transmission mode in the
TFT array side polarizer 19, at a voltage of minimum
transmissivity of the reflected light in the reflection mode
in the CF side polarizer 13.
[0057] At this time, in the case of a bright surrounding,
ambient external light (arrow Lo) enters through the front
light light-conducting plate 12, so that a bright image can
be seen by utilizing both the external light (arrow Lo) and
light (arrow L) of the light source 11 at the same time.
Further, when the external light (arrow Lo) enters from
the observer side, that is, from the second polarizer side
(from the reverse side), the external light which enters
the second polarizer, that is, the TFT array side polarizer
19 to be a straight polarized light passes through the
transmission window 22 of the reflection electrode 21
and further passes through the liquid crystal layer to
reach the first polarizer, that is, the color filter side polar-
izer 13. However, regardless of the driving state of the
liquid crystal 16, since the light is almost completely ab-
sorbed or transmitted in this color filter side polarizer 13,
almost no reflected light comes out. Hence, the contrast
is not lowered.
[0058] At this time, though the reflection from the color

filter side polarizer 13 which is the first polarizer is desired
to be smaller because a high contrast is obtained, if there
is almost no reflection, it is a level allowed as a picture
quality in actual use. For example, to realize a contrast
of 10 or more, preferably, at least more than 90 % of the
light reaching the color filter side polarizer 13 which is
the first polarizer after passing through the transmission
window 22 of the reflection electrode 21 and passing
through the liquid crystal 16 layer should be adsorbed or
transmitted in this color filter side polarizer 13 regardless
of the driving state of the liquid crystal 16, while the re-
flected light should be within 10 %.
[0059] Fig. 5 is a diagram explaining the writing direc-
tion of the display image when the second main body 3
is opened into each pixel of the double-side display type
liquid crystal display device, showing the display image
of the double-side display type liquid crystal display de-
vice 10 seen from the TFT array side glass substrate
(second substrate) 17 side. As compared with the closed
state of the second main body 3 shown in Fig. 4, the
vertical direction is inverted, and corners A and C, and
corners B and D are exchanged from each other.
[0060] The opening/closing judging means 62 judges
that the second main body 3 is open by detecting, for
example, the angle of the hinge 4. In consequence, the
writing direction inverting means 63 inverts the selection
sequence of the gate line 51 automatically from the se-
quence from gate at corner A side to C side direction to
the sequence from corner C side gate to A side gate
direction. Therefore, when selecting the gate line for ap-
plying the gate ON voltage among the gate lines 51 by
the gate driver 52, the gate lines are selected sequentially
from the corner C, not from the corner A, and in the se-
lected state of the gate line simultaneously, each grada-
tion voltage is applied in batch to all source lines 54, and
the gate TFT 20 of the pixel at the intersection is turned
on to apply the gradation voltage to the pixel electrode
24. By repeating this operation to the gate line of corner
A, the image can be formed in a line sequence system
from corner C to A, so that the image in the correct di-
rection of the transmission mode can be visually recog-
nized from the opposite side (reverse side) of the front
light 6 of the double-side display type liquid crystal display
device 10. Accordingly, the user can visually recognize
the image in the correct direction, if the second main body
3 is opened in the upper direction, without changing the
holding position (while holding the first main body 1) from
the closed state of the second main body 3.
[0061] As described above, the Embodiment compris-
es the liquid crystal 16, first and second polarizing means
13 and 19 disposed on both sides of the liquid crystal 16,
transparent first and second electrodes 26 and 23 dis-
posed between the liquid crystal 16 and the first and sec-
ond polarizing means 13 and 19 respectively, for control-
ling the quantity of birefringence by driving the liquid crys-
tal, semitransmission reflecting means 21 disposed be-
tween the liquid crystal 16 and second polarizing means
19 for passing a part of the light passing through the liquid
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crystal, and front light 6 disposed at the opposite side of
the liquid crystal 16 of the first polarizing means 13, in
which the semitransmission reflecting means is the re-
flection electrode 21 disposed at the opposite side of the
liquid crystal 16 of the second electrode 23, and having
the transmission window 22 for passing a part of the light
passing through the first electrode 26, liquid crystal 16,
and second electrode 23. Therefore, the light reaching
the reflection electrode 21 from the front light 6 side after
passing through the first polarizing means 13, first elec-
trode 26, liquid crystal 16, and second electrode 23 partly
passes through the transmission window 22 of the re-
flection electrode 21 to reach the second polarizing
means 19, while the remainder is reflected by the reflec-
tion electrode 21 to reach the first polarizing means 13,
so that the display image is visible from both sides of the
first polarizing means 13 side and second polarizing
means 19 side. Further, in the reflection type display by
the light reflected by the reflection electrode 21, since
the second substrate 17 is not present between the re-
flecting means (reflection electrode 21) and the first po-
larizing means 13, the optical path is shorter as compared
with the case of presence of the second substrate 17, so
that the parallax in the display image is reduced.
[0062] Though the above explanation is made in the
case where the second main body 3 opens and closes
in the vertical direction, even when opening and closing
in the lateral direction, similar effects are obtained by
inverting the writing direction of display image data to the
lateral direction into each pixel of the double-side display
type liquid crystal display device by the writing direction
inverting means 63.
[0063] The reflection electrode 21 is usually made of
a conductive metal such as aluminum or silver, but it
might be also made of a transparent electrode in a struc-
ture having an insulation film or metal film for reflecting
the light at a high reflectivity by closely and optically con-
tacting with the opposite side of the liquid crystal 16.
[0064] In the foregoing explanation, the first electrode
and first polarizer at the front light side of the liquid crystal
16 layer are at the color filter side, and the second elec-
trode and second polarizer are at the TFT array side, and
the reflection electrode 21 having the transmission win-
dow 22 is provided at the opposite side of the liquid crystal
16 of the second electrode, that is, the TFT array side
transparent electrode 23, but to the contrary, the same
effects are obtained if the first electrode and first polarizer
are at the TFT array side, the second electrode and sec-
ond polarizer are at the color filter (CF) side, and the
reflection electrode 21 having the transmission window
22 is provided at the opposite side of the liquid crystal 16
of the CF side transparent electrode 26.
[0065] In the foldable mobile phone of the Embodiment
described above, in the closed state of the second main
body 3, the image (the image viewed from the front light
6 side of the double-side display type liquid crystal display
device 10) displayed in the double-side display type liquid
crystal display device 10 includes, when receiving, the

sender’s name, sender’s portrait, mail message, i-mode
(registered trademark) reception area map, home page
(HP), and others, and, while waiting, the waiting screen
of the mobile phone shows, for example, the antenna
showing the intensity of radio wave, battery level, calen-
dar, time, illustration, portrait, game, i-mode reception
area map, HP, decorative pattern, and decorative illumi-
nation.
[0066] In the open state of the second main body 3,
the image (the image viewed from the TFT array side
polarizer 19 side of the double-side display type liquid
crystal display device 10) displayed in the double-side
display type liquid crystal display device 10 includes,
when receiving, the sender’s name, sender’s portrait,
mail message, and others, and, while waiting, the waiting
screen of the mobile phone shows, for example, the an-
tenna showing the intensity of radio wave, battery level,
calendar, time, illustration, portrait, game, and mail mes-
sage writing screen.
[0067] In the foregoing Embodiment, the semitrans-
parent reflecting means for passing a part of the light
passing through the first substrate 15 and liquid crystal
16 is the reflection electrode 21 formed at the liquid crys-
tal layer side of the second substrate 17, and has the
transmission window 22 for passing a part of the light
passing through the first substrate 15, first electrode 26,
liquid crystal 16 and second electrode 23. The present
invention is not, however, limited to this, and instead of
the reflection electrode 21 having the transmission win-
dow 22, the reflector having the transmission window
might be formed, for example, by using an aluminum va-
por deposition mirror film having multiple fine transmis-
sion windows, and this reflector having transmission win-
dows might be adhered between the second glass sub-
strate, that is, the TFT array side glass substrate 17 and
the TFT array side phase difference plate 18.
[0068] Further, as described in Prior Art 2, for example,
using a film of half mirror or magic mirror with aluminum
formed on a thin transparent film base by vapor deposi-
tion, the film base might be adhered to the quarter λ phase
difference plate 40 of the TFT array side polarizer 19.

EMBODIMENT 2

[0069] Fig. 6 is a diagram explaining a double-side dis-
play type liquid crystal display device and an information
appliance using the same according to Embodiment 2 of
the present invention, and more specifically it is a diagram
explaining shuffling of data of display image. Other con-
figuration is same as in Embodiment 1.
[0070] In Fig. 6, reference numeral 64 denotes data
converting means for converting the data of display im-
age by shuffling upside down corresponding to the open-
ing/closing position of the second main body 3, in collab-
oration with the opening/closing judging device 62. The
data converting means 64 is specifically composed of,
for example, frame memory and CPU, and the image
signal (image data) generated in an image signal gener-
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ating device 61 is once stored, and converted into data
by inverting the display image upside down, and sent to
a source driver 55.
[0071] In a foldable mobile phone of the Embodiment
having such configuration, the sequence of gate selec-
tion of a double-side display type liquid crystal display
device 10 is the same regardless of opening or closing
of a second main body 3, and corresponding to the open
or closed state of the second main body 3 detected by
an opening/closing judging device 62, the image data to
be displayed is converted by shuffling in the vertical di-
rection automatically by the data converting means 64,
and sent into the source driver 55 of the double-side dis-
play type liquid crystal display device 10. Therefore, the
user can view the image in correct direction if the second
main body 3 is opened in the upper direction without hav-
ing to change the holding position in the closed state of
the second main body (while holding the first main body
1).
[0072] In the foregoing Embodiments, the second
main body is opened and closed in the vertical direction,
but same effects are obtained if opened and closed in
the lateral direction by converting the data by inverting
in the lateral direction by the data converting means 64.

EMBODIMENT 3

[0073] Fig. 7 to Fig. 10 are diagrams explaining a dou-
ble-side display type liquid crystal display device and an
information appliance using the same according to Em-
bodiment 3 of the present invention, and more specifically
Fig. 7 is a magnified sectional view of essential parts of
a foldable mobile phone as an information appliance in
a folded state (second main body is closed), Fig. 8 is an
explanatory diagram of an example of the direction of
polarization for each light shown in Fig. 7, Fig. 9 is a
magnified sectional view of essential parts of the second
main body in an opened state, and Fig. 10 is an explan-
atory diagram of an example of the direction of polariza-
tion for each light shown in Fig. 9.
[0074] In the foregoing Embodiment 1, the semitrans-
mission reflecting means which passes a part of the light
passing through the liquid crystal 16 is composed of the
reflection electrode 23 having the transmission window
22, but in this Embodiment it is composed of a reflection
polarizer for reflecting the light having a specified polar-
izing characteristic, and almost passing other light (re-
flecting the light straightly polarized in a specified direc-
tion and passing the light straightly polarized in a direction
perpendicular to the specified direction).
[0075] In Fig. 7 to Fig. 10, reference numeral 58 de-
notes a TFT array side reflection polarizer disposed be-
tween a liquid crystal 16 and second polarizing means
(TFT array side polarizer 19) for reflecting the light
straightly polarized in a specified direction and passing
the light straightly polarized in a direction perpendicular
to the specified direction, and in this Embodiment it is
disposed between a TFT array side glass substrate 17

and TFT array side polarizer 19. The TFT array side re-
flection polarizer 58 is composed of, for example, DBEF
(Double Brightness Enhanced Film, a trade name of
SUMITOMO 3M LIMITED). Reference numeral 204 de-
notes a metal wiring for applying a voltage to a second
electrode (TFT array side transparent electrode 23). Ref-
erence numeral 180 denotes a first quarter λ phase dif-
ference plate, and it is disposed between the metal wiring
204 and reflection polarizer 58 in this Embodiment. Ref-
erence numeral 140 denotes a third quarter λ phase dif-
ference plate, and it is disposed between a color filer (CF)
side glass substrate 15 and first polarizing means (CF
side polarizer 13) in this Embodiment. Reference numer-
al 101b denotes a liquid crystal display panel having a
liquid crystal 16 and first and second electrodes 26 and
23 for driving the liquid crystal 16, and in this Embodiment
the first and second electrodes 26 and 23 are transparent
electrodes not having reflection function, and this is a
total transmission type liquid crystal display panel for
passing all light entering the liquid crystal 16.
[0076] In the foregoing Embodiment 1, a pixel elec-
trode is composed of reflection electrode 21 and TFT
array side transparent electrode 23, but in this Embodi-
ment a pixel electrode is composed of TFT array side
transparent electrode 23, and pixel electrodes are ar-
ranged in an array on the TFT array side glass substrate
17.
[0077] A foldable mobile phone according to the Em-
bodiment is same as in Embodiment 1, except for the
structure of double-side display type liquid crystal display
device 10. That is, it comprises a first main body 1 having
various function switches 2 including alphanumeric input
switches, and a second main body 3 having a double-
side display type liquid crystal display device 10 visibly
displaying various kinds of information as display means
and being coupled to the first main body 1 by a hinge 4
in an opening and closing manner. Openings (windows)
are provided at both outer side coming to the outside and
inner side coming to the inside when the second main
body 3 is closed, and a transparent cover 5 is provided
at the outer side opening (the window provided at the
outer side) so as to dispose the front light side surface
of the double-side display type liquid crystal display de-
vice 10, and the surface of the second polarizing means
side of the double-side display type liquid crystal display
device 10 is provided at the inner side opening (the win-
dow provided at the inner side), thereby composing a
display unit.
[0078] Hereinafter, mainly, the different points from
Embodiment 1 are described. The double-side display
type liquid crystal display device according to the Em-
bodiment comprises a front light 6 composed of a light
source 11 and a front light guide 12, a CF side glass
substrate 15 having a CF 25 and a CF side transparent
electrode 26, a TFT array side glass substrate 17, a liquid
crystal layer 16 of, for example, TN liquid crystal held
between these two glass substrates 15 and 17, and a
TFT array side transparent electrode 23 to which a volt-
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age is applied through a gate TFT 20, and further a first
quarter λ phase difference plate (TFT array side quarter
λ phase difference plate 180), a reflection polarizer 58,
a second polarizer (TFT array side polarizer 19), and
second quarter λ phase difference plate 40 are sequen-
tially adhered on the TFT array side glass substrate 17,
and a third quarter λ phase difference plate (CF side quar-
ter λ phase difference plate 140) and a first polarizer (CF
side polarizer 13) are sequentially adhered on the CF
side glass substrate 15.
[0079] Referring then to Fig. 7 to Fig. 10, the operation
of the double-side display type liquid crystal display de-
vice according to the Embodiment is explained on the
basis of an example of lighting of the front light 6.
[0080] As indicated by arrow L, the light emitted from
the light source 11 spreads by diffusing and propagating
through the light-conducting plate 12, and is radiated by
the reflection prism 12a provided in the light-conducting
plate 12 to the CF side polarizer 13 side as indicated by
arrow Li. The radiated light is straightly polarized by the
CF side polarizer 13 (in Fig. 8 and Fig. 10, a straightly
polarized light in the lateral direction), and passes
through the CF side quarter λ phase difference plate 140,
and enters the total transmission type liquid crystal dis-
play panel 101b. Further, passing through the TFT array
side quarter λ phase difference plate 180, it reaches the
TFT array side polarization reflector 58.
[0081] In the total transmission type liquid crystal dis-
play panel 101b, when voltage is not applied between
the CF side transmission electrode 26 and TFT array
side transparent electrode 23, the direction of polariza-
tion is rotated by 180 degrees by the quantity of birefrin-
gence (retardation) of the liquid crystal 16 layer and quar-
ter λ phase difference plates 140, 180, and the light is
straightly polarized in the lateral direction as shown in
Fig. 10 to reach the TFT array side polarization reflector
58.
[0082] When voltage is applied, the quantity of bire-
fringence of the liquid crystal layer 16 approaches 0, and
the direction of polarization is rotated by 90 degrees by
the quantity of birefringence of the liquid crystal 16 layer
and quarter λ phase difference plates 140, 180, and the
straightly polarized light reaches the TFT array side po-
larization reflector 58.
[0083] Herein, in the TFT array side polarization re-
flector 58, the light straightly polarized in the specified
direction, that is, in the longitudinal direction is reflected
to be a reflected light, and as indicated by arrow Lr in Fig.
7 and Fig. 8, it passes again through the TFT array side
quarter λ phase difference plate 180, total transmission
type liquid crystal display panel 101 b, CF side quarter λ
phase difference plate 140, CF side polarizer 13, front
light 6, transparent cover 5 or the like, and is visually
recognized by the user at the front light 6 side of the
double-side display type liquid crystal display device 10
(reflection type display).
[0084] Further, in the TFT array side polarization re-
flector 58, the light straightly polarized to a direction per-

pendicular to the specified direction, that is, to the lateral
direction passes therethrough, and as indicated by arrow
Ld in Fig. 9 and Fig. 10, it passes again through the TFT
array side polarizer 19, second quarter λ phase differ-
ence plate 40 or the like, and is visually recognized by
the user at the second polarizer (TFT array side polarizer
19) of the double-side display type liquid crystal display
device 10 (transmission type display).
[0085] At this time, as shown in Fig. 8 and Fig. 10, by
the quantity of birefringence of the liquid crystal 16 layer
determined by the voltage applied to the TFT array side
transparent electrode 23, and the quantity of birefrin-
gence of the quarter λ phase difference plates 140, 180,
the reflectivity of the reflected light (arrow Lr) reflected
by the TFT array side reflection polarizer 58 varies from
0 to 1, and at the same time, the transmissivity of the
transmission light (arrow Ld) varies from 1 to O. In result,
the image can be displayed by setting the voltage applied
to the TFT array side transparent electrode 23 in every
pixel 24 depending on the image.
[0086] Usually, as shown in Fig. 9, what is important
is the contrast of black and white reversal by the liquid
crystal 16 of the transmission light (arrow Ld) seen from
the inside surface in the open state of the second main
body 3 of the foldable mobile phone, and therefore it is
set to heighten the transmissivity of the transmission light
(arrow Ld) in the state of low electric field determined by
the TFT array side transparent electrode 23, and lower
the transmissivity to approach 0 when the electric field
becomes higher and the TN liquid crystal molecules are
aligned perpendicularly to the glass substrates 15 and
17.
[0087] First, referring to Fig. 7, the display from the first
polarizing means 13 is explained. By the quantity of bi-
refringence of the liquid crystal 16 layer determined by
the voltage applied to the TFT array side transparent
electrode 23, when setting the reflectivity of the reflected
light (arrow Lr) reflected by the TFT array side reflection
polarizer 58 at 1, white color is displayed to the user from
the first polarizer 13 side (front light 6 side) shown in Fig.
7. Thus, unlike Embodiment 1, since there is no light
missing loss through the transmission window 22, a high-
er reflection efficiency is obtained as compared with the
case of using the reflection electrode 21 having a partial
transmission portion (transmission window 22) as semi-
transmission reflecting means.
[0088] At this time, a further bright reflection image is
realized when the reflectivity is higher when the reflec-
tivity of the reflected light (arrow Lr) reflected by the TFT
array side reflection polarizer 58 is set at 1. However,
even if there is a slight absorption, it is no problem in
practical use. For example, when the reflectivity is set at
1, if the light enters the TFT array side reflection polarizer
58 from the liquid crystal 16 layer, assuming the absorp-
tion rate to be 10 % and reflectivity to be 90 %, the bright-
ness is lowered only by 10 %, and it is no problem.
[0089] By the quantity of birefringence of the liquid
crystal 16 layer determined by the voltage applied to the
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TFT array side transparent electrode 23, when setting
the reflectivity of the reflected light Lr reflected by the
TFT array side reflection polarizer 58 at 0, the transmis-
sivity becomes 1, and the front light radiated light (arrow
Li) passes through the TFT array side reflection polarizer
58 to be transmission light (arrow Ld). This transmission
light (arrow Ld) passes through the TFT array side po-
larizer 19, and further passes the second quarter λ phase
difference plate 40, thereby illuminating the surface of
the main body 1. This transmission light (arrow Ld) is
reflected by the surface of the first main body 1, and be-
comes a scattered reflected light (arrow Ls). When this
scattered reflected light (arrow Ls) passes again through
the double-side display type liquid crystal display device
10, and leaks in the direction of the transparent cover 5
at the front light 6 side to be visually recognized, it induces
color oozing, contrast decline or contour blurring. In this
Embodiment, however, the quarter λ phase difference
plate 40 is provided at the outside of the TFT array side
polarizer 19, and the scattered reflected light (arrow Ls),
after leaving the TFT array side polarizer 19, passes
through the quarter λ phase difference plate 40 twice,
and hence it becomes a straight polarized light orthogo-
nal to the axis of polarization of the TFT array side po-
larizer 19, and is hence absorbed by the TFT array side
polarizer 19 without passing therethrough. In result, a
tight black color is displayed to the user from the first
polarizing means 13 side (front light 6 side) shown in Fig.
7.
[0090] This operation is exactly the same when exter-
nal light (arrow Lo) enters by passing through the front
light 6, and hence in an environment of relatively less
bright light, the external light and front light can be used
at the same time to visually recognize a bright and clear
reflected image.
[0091] Next, referring to Fig. 9, the display from the
second polarizing means 19 side when the second main
body 3 is opened is explained. By the quantity of birefrin-
gence of the liquid crystal 16 layer determined by the
voltage applied to the TFT array side transparent elec-
trode 23, when setting the transmissivity of the transmis-
sion light (arrow Ld) passing through the TFT array side
reflection polarizer 58 at 1, white color is displayed, and
when setting at 0, black color is displayed. This operation
is exactly the same both in the case where the light ra-
diated by lighting the front light 6 enters and in the case
where the external light (arrow Lo) enters after passing
through the front light 6, and therefore in an environment
of relatively less bright light, the external light and front
light can be used at the same time to visually recognize
a bright and clear reflected image.
[0092] At this time, the external light (arrow Lo) illumi-
nating the double-side display type liquid crystal display
device from the user side (the second polarizing means
19 side) is a factor of lowering the contrast of the display
image, but since the TFT array side polarizer 19 absorbs
the straight polarized light in the direction of reflection of
the TFT array side reflection polarizer 58, there is not

happened the case where the external light (arrow Lo)
entering the double-side display type liquid crystal dis-
play device from the second polarizing means 19 side is
reflected by the TFT array side reflection polarizer 58 and
hence reaches up to the eyes of the user at the second
polarizing means 19 side.
[0093] Of the external light Lo, the light passing
through the second polarizer 19 and reflection polarizer
58 and passing through the liquid crystal cell is mostly
absorbed or transmitted by the first polarizer 13 regard-
less of the driving state of the liquid crystal 16, and is not
reflected. Therefore, in a bright environment with external
light Lo, the contrast of the transmission image is high.
[0094] Of the external light (arrow Lo) illuminating the
double-side display type liquid crystal display device from
the user side (the second polarizing means 19 side), the
light passing through the TFT array side polarizer 19 and
TFT array side reflection polarizer 58 is reflected by the
metal wiring 204 or TFT formed in the TFT array side
glass substrate 17, and is a factor to lower the contrast.
But in this Embodiment, since a first quarter λ phase dif-
ference plate (TFT array side quarter λ phase difference
plate 180) is provided between the TFT array side glass
substrate 17 and TFT array side reflection polarizer 58,
the light passes through the first quarter λ phase differ-
ence plate in two reciprocal strokes so that the direction
of polarization is rotated by 90 degrees, thereby the re-
flected light from the metal wiring 204 and TFT cannot
pass through the reflection polarizer 58 again. Therefore,
the reflected light from the metal wiring 204 or TFT does
not reach up to the eyes of the user at the second polar-
izing means 19 side, thereby preventing lowering of con-
trast by reflected light from the metal wiring 204 or TFT.
[0095] In this Embodiment, a third quarter λ phase dif-
ference plate 140 is disposed between the liquid crystal
16 and first polarizing means 13, and same as in the case
of the first quarter λ phase difference plate 180, for the
user from the front light 6 side, interlayer reflection or
reflected light from the wiring member in the pixel bound-
ary can be cut off, and lowering of contrast by reflected
light can be prevented.
[0096] In the foregoing Embodiment 1, similarly, of the
external light illuminating the double-side display type
liquid crystal display device from the second polarizing
means 19 side, if the light passing through the TFT array
side polarizer 19 is reflected by the metal wiring 204,
TFT, reflection electrode 21 formed on the TFT array side
glass substrate 17, it is a cause of lowering the contrast
when observing from the second polarizing means 19
side. But, the Embodiment includes the TFT array side
phase difference plate 18 disposed between the TFT ar-
ray side glass substrate 17 and second polarizing means,
and by setting the quantity of birefringence of this phase
difference plate 18 at about quarter λ, the direction of
polarization is rotated since the light passes through the
phase difference plate 18. Thus, the reflected light from
the metal wiring 204, TFT and reflection electrode 21
cannot pass through the TFT array side polarizer 19
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again. Therefore, the reflected light from the metal wiring
204, TFT and reflection electrode 21 does not reach up
to the eyes of the user at the second polarizing means
19 side, thereby preventing lowering of contrast by re-
flected light from the metal wiring 204, TFT and reflection
electrode 21.
[0097] As explained also in the foregoing Embodiment
1, the relation between the applied voltage of the liquid
crystal 16 layer and brightness is inverted between when
the foldable mobile phone is seen from the inside of the
folded state and when seen from the outside, and there-
fore the gradation of the display image data must be in-
verted beforehand depending on whether in opened state
or in closed state. At the same time, the data conversion
is necessary to invert the image data upside down in the
case of vertical folding or invert the image data right and
left in the case of lateral folding. Specifically, in Fig. 6
relating to Embodiment 2, the data converting means 64
incorporates a function of shuffling image data and con-
verting the gradation at the same time, and by detecting
the opening or closing of the information appliance, the
image data is shuffled and the gradation is converted
automatically. Moreover, by disposing an external
changeover switch, the user can change over.
[0098] In the foregoing description, the first electrode
is the CF side transparent electrode 26 and the second
electrode is the TFT array side transparent electrode 23,
but same effects are obtained, to the contrary, when the
first electrode is the TFT array side transparent electrode
23 and the second electrode is the CF side transparent
electrode 26.
[0099] Similarly, in the foregoing description, the first
electrode and first polarizer at the front light side of the
liquid crystal 16 layer are at the color filter side, and the
second electrode and second polarizer are at the TFT
array side, but same effects are obtained, to the contrary,
when the first electrode and first polarizer are at the TFT
array side, and the second electrode and second polar-
izer are at the color filter (CF) side.

EMBODIMENT 4

[0100] Fig. 11 and Fig. 12 are diagrams explaining a
double-side display type liquid crystal display device and
an information appliance using the same according to
Embodiment 4 of the present invention, and more spe-
cifically Fig. 11 is a sectional view of essential parts of
the double-side display type liquid crystal display device,
and Fig. 12 (a), (b) are partially magnified sectional views
of the double-side display type liquid crystal display de-
vice in another example an din Fig. 11. Fig. 12 (a), (b)
are drawn in a dimensional ratio close to the actual aspect
ratio of width and thickness.
[0101] In Fig. 11 and Fig. 12, reference numeral 78
denotes a CF side reflection polarizer disposed between
the liquid crystal 16 and second polarizing means (CF
side polarizer 13), for reflecting the straight light polarized
in a specified direction, and transmitting the straight light

polarized in a direction perpendicular thereto.
[0102] In the foregoing Embodiment 3, the first polar-
izing means is the CF side polarizer 13, the second po-
larizing means is the TFT array side polarizer 19, the first
electrode is the CF side transparent electrode 26, the
second electrode is the TFT array side transparent elec-
trode 23, the first substrate is the CF side glass substrate
15, the second substrate is the TFT array side glass sub-
strate 17, and the TFT array side reflection polarizer 58
is disposed between the second substrate (TFT array
side glass substrate 17) and second polarizing means
(TFT array side polarizer 19), whereas in this Embodi-
ment, the first polarizing means is the TFT array side
polarizer 19, the second polarizing means is the CF side
polarizer 13, the first electrode is the TFT array side trans-
parent electrode 23, the second electrode is the CF side
transparent electrode 26, the first substrate is the TFT
array side glass substrate 17, the second substrate is
the CF array side glass substrate 15, and the CF side
reflection polarizer 78 is disposed between the second
substrate (CF glass substrate 17) and second electrode
(the CF side transparent electrode 26).
[0103] The other configuration of the double-side dis-
play type liquid crystal display device of the Embodiment
and the information appliance using the same is same
as in Embodiment 3.
[0104] Mainly different points from Embodiment 3 are
explained below. The double-side display type liquid
crystal display device according to the Embodiment com-
prises a front light 6 composed of a light source 11 and
a front light light-conducting plate 12, a TFT array side
glass substrate 17, a CF side glass substrate 15, and a
liquid crystal 16 layer of, for example, TN liquid crystal
held between these two substrates 17 and 15. A TFT
array side transparent electrode 23 (first electrode) to
which a voltage is applied through a gate TFT 20 is pro-
vided at the inner side (liquid crystal 16 layer side) of the
TFT array side glass substrate 17 (first substrate), and
a first quarter λ phase difference plate (TFT array side
quarter λ phase difference plate 180) and a TFT array
side polarizer 19 as first polarizing means are sequen-
tially adhered to the outer side (the opposite side of the
liquid crystal 16 layer) of the TFT array side glass sub-
strate 17. At the inner side of the CF side glass substrate
15 (second substrate), a reflection polarizer 78 and a
third quarter λ phase difference plate (CF side quarter λ
phase difference plate 140) are sequentially adhered,
and further a CF 25 and a CF side transparent electrode
26 (second electrode) are formed, and at the outer side
of the CF side glass substrate 1,5, a CF side polarizer
13 is adhered, and at the further outer side, a quarter λ
phase difference plate 40 is adhered.
[0105] The detail of operation of the double-side dis-
play type liquid crystal display device of the Embodiment
is explained below by referring to a case of lighting of the
front light 6.
[0106] The light (arrow L) emitted from the light source
11 spreads by diffusing and propagating through the
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light-conducting plate 12, and is radiated by a reflection
prism 12a provided in the light-conducting plate 12 to the
TFT array side polarizer 19 side. The radiated light (arrow
Li) is straightly polarized by the TFT array side polarizer
19, and passes through the TFT array side quarter λ
phase difference plate 180, TFT array side glass sub-
strate 17, TFT array side transparent electrode 23, liquid
crystal 16 layer, CF side transparent electrode 26, CF
25, and CF side quarter λ phase difference plate 140, to
reach the CF side polarizer 78.
[0107] In the CF side reflection polarizer 78, the light
straightly polarized in a certain direction (a specified di-
rection) is reflected to be a reflected light (arrow Lr), and
the light straightly polarized in a perpendicular direction
is transmitted to be a transmission light (arrow Ld).
[0108] At this time, by the quantity of birefringence of
the liquid crystal 16 layer determined by the voltage ap-
plied to the TFT array side transparent electrode 23, the
reflectivity of the reflected light (arrow Lr) reflected by the
CF side reflection polarizer 78 varies from 0 to 1, and at
the same time, the transmissivity of the transmission light
(arrow Ld) varies from 1 to 0. In result, the image can be
displayed by setting the voltage applied to the TFT array
side transparent electrode 23 in every pixel depending
on the image.
[0109] Next, referring to Fig. 12 (a) and (b), there is
explained effects obtained when the reflection polarizer
78 is disposed between the second substrate (CF side
glass substrate 15) and the second electrode (CF side
transparent electrode 26).
[0110] As shown in Fig. 12 (b), when the color filter
(CF) side reflection polarizer 78 is adhered to the outer
side of the CF side glass substrate 15, as compared with
the width of 50 to 100 Pm at the narrower side of one
pixel of an ordinarily rectangular CF 25, the thickness of
the CF side glass substrate 15 is as much as 300 to 700
Pm, and therefore the distance from the CF side reflection
polarizer 78 to the CF 25 (the thickness totaling the CF
side glass substrate 15, CF side quarter λ phase differ-
ence plate 140, and half of CF side reflection polarizer
78) is 500 to 900 Pm, which is about 10 times longer than
the width of the pixel of the CF 25, and hence a depth
angle θB of the width of one pixel of the CF 25 from the
CF side reflection polarizer 78 is small, about 3 degrees.
[0111] Therefore, the majority of the light reflected by
the reflection polarizer 78 passes through a CF pixel of
a different color adjacent to the CF pixel passing at the
time of incidence, and since the transmission wavelength
is different, re-absorption is sufficient, and about 2/3 of
the light is re-absorbed in average. Therefore, bright re-
flected image is not obtained.
[0112] As known from a simple geometric calculation,
when the light enters the CF side glass substrate 15 of
refractive index of 1.5 from the direction of 30 degrees
of the largest quantity of external light incidence, prefer-
ably, by setting the glass thickness within two times of
the width of the narrower side of the CF 25, the possibility
of the reflected light passing the same CF pixel as at the

time of incidence is higher, and re-absorption is smaller,
so that the reflectivity is higher.
[0113] When using the light of the front light 6, the di-
vergence angle is about 15 degrees, and in this case
where the thickness of the glass is set in a dimension of
within 5 times of the width of the narrower side of the CF
25, the possibility of the reflected light passing the same
CF pixel as at the time of incidence is higher, and re-
absorption is smaller, so that the reflectivity is higher.
Therefore, in the double-side display type liquid crystal
display device 10 of the foldable mobile phone according
to Embodiment 3, by defining the thickness of the second
glass substrate for adhering thereto the reflection polar-
izer 58 within 5 times, preferably 2 times of the width of
the narrower side of the color filter pixel, a reflected image
of high reflectivity can be visually recognized from the
front light 6 side.
[0114] By contrast, as shown in Fig. 12 (a), in this Em-
bodiment having the CF side reflection polarizer 78 ad-
hered to the inner side of the CF side glass substrate 15,
the distance from the CF side reflection polarizer 78 to
the CF 25 (the thickness totaling the CF side quarter λ
phase difference plate 140, and half of CF side reflection
polarizer 78) is short, about 50 to 100 Pm, and hence the
depth angle θA is large, about 25 to 90 degrees. In result,
the possibility of the reflected light (arrow Lr) passing the
pixel of the same CF 25 as the incident light (arrow Li) is
higher. Therefore, the possibility of the incident light (ar-
row Li) and reflected light (arrow Lr) passing the pixels
of the color filter 25 of different colors is lowered, and re-
absorption of the reflected light (arrow Lr) by the CF 25
at the time of passing the CF 25 is suppressed, and the
reflectivity is much enhanced.
[0115] Thus, when the CF 25 is disposed at the second
electrode side instead of the first electrode side, and the
reflection polarizer 78 is disposed between the second
substrate (CF side glass substrate 17) and second elec-
trode (CF side transparent electrode 26), the reflectivity
is largely enhanced in reflection type display, so that a
bright display is realized.
[0116] Further, in the reflection type display, since sec-
ond substrate 17 is not present between the reflecting
means 78 and first polarizing means 19, as compared
with the case of disposing the second substrate 17 shown
in Fig. 12 (b), the optical path is shortened, and hence
the parallax in display image is decreased.
[0117] As explained so far, the reflection polarizer 78
is adhered to the color filter 25, but the present invention
is not limited to this, and the same effects are obtained
when adhered to the TFT array side substrate 17.
[0118] However, since the reflection polarizer 78 is
made of resin, it cannot withstand high temperature proc-
ess, and it is better to adhere to the color filter 25 which
is relatively lower in process temperature, in which de-
generation of the reflection polarizer 78 (deterioration of
reflection polarizing characteristic) in the high tempera-
ture process is smaller, and hence the reflectivity is en-
hanced largely.
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EMBODIMENT 5

[0119] Fig. 13 and Fig. 14 are diagrams explaining a
double-side display type liquid crystal display device and
an information appliance using the same according to
Embodiment 5 of the present invention, and more spe-
cifically, Fig. 13 is a sectional view of essential parts of
the double-side display type liquid crystal display device,
and Fig. 14 (a) to (c) are sectional views explaining a
manufacturing method of the double-side display type
liquid crystal display device in Fig. 13.
[0120] The double-side display type liquid crystal dis-
play device and the information appliance using the same
of the Embodiment are similar to Embodiment 4, except
that the second substrate (CF side glass substrate 15)
is omitted.
[0121] In this Embodiment, since the second substrate
(CF side glass substrate 15) is omitted, there is no glass
substrate between the CF side reflection polarizer 78 and
the CF 25. Therefore, same as explained in Embodiment
4 using Fig. 12 (a), the depth angle θc of width of one
pixel of the CF 25 from the CF side reflection polarizer
78 is large, about 25 to 90 degrees, and the reflectivity
in reflection type display is largely enhanced.
[0122] Further, in reflection type display, since there
is no second substrate between the reflecting means 78
and first polarizing means 19, as compared with the case
where the second substrate 17 exists as shown in Fig.
12 (b), the optical path is shorter, and hence the parallax
in the display image is reduced.
[0123] Further, in this Embodiment, since the second
substrate (CF side glass substrate 15) is omitted, the
weight is reduced at the same time.
[0124] Referring now to Fig. 14, the manufacturing
method of the double-side display type liquid crystal dis-
play device of the Embodiment is explained.
[0125] First, the TFT array side glass substrate 17 (first
substrate) and CF side glass substrate 15 (second sub-
strate) are adhered together with a gap being provided
therebetween to form a cell, and the gap is filled with
liquid crystal 16 to form a liquid crystal cell, and then a
TFT array side quarter λ phase difference plate 180 (first
quarter λ phase difference plate) and a TFT array side
polarizer 19 (first polarizer) are adhered to the TFT array
side glass substrate 17 (Fig. 14 (a)).
[0126] Electrode terminals and other metal parts
formed on the two glass substrates 15 and 17 are suffi-
ciently protected with inorganic material or organic ma-
terial, and the entire structure is etched by hydrofluoric
acid, and the CF side glass substrate 15 is removed (Fig.
14 (b)).
[0127] A quarter λ phase difference plate 40 (second
quarter λ phase difference plate), a reflection polarizer
78, a CF side polarizer 13 (second polarizer), a CF side
quarter λ phase difference plate 140 (third quarter λ
phase difference plate) are adhered to the CF 25 (Fig.
14 (c)).
[0128] As explained so far, the first substrate is the

TFT array side glass substrate 17, the second substrate
is the CF side glass substrate 15, the CF side glass sub-
strate 15 is removed, and the reflection polarizer 78 is
adhered to the CF 25, but same effects are obtained, to
the contrary, if the first substrate is the CF side glass
substrate 15, the second substrate is the TFT array side
glass substrate 17, the TFT array side glass substrate
17 is removed, and the reflection polarizer 78 is directly
adhered to the TFT array.

EMBODIMENT 6

[0129] Fig. 15 is a diagram explaining a double-side
display type liquid crystal display device and an informa-
tion appliance using the same according to Embodiment
6 of the present invention, and more specifically it is a
sectional view of essential parts of the double-side dis-
play type liquid crystal display device.
[0130] In Fig. 15, reference numerals 31 and 32 denote
first and second polarizing means, respectively, dis-
posed oppositely on both sides of a liquid crystal, and
same polarizers as in the foregoing Embodiments are
used. Reference numerals 33 and 34 denote first and
second substrates, respectively, disposed between the
liquid crystal 16 layer and the first and second polarizing
means 31 and 32, respectively, and same glass sub-
strates as in the foregoing Embodiments are used.
[0131] Reference numerals 35 and 36 denote first and
second electrodes for driving the liquid crystal 16 and
controlling its quantity of birefringence. In the foregoing
Embodiments, the first and second electrodes are dis-
posed between the liquid crystal 16 layer and the first
and second polarizing means, respectively, and the liquid
crystal 16 layer is held between the first and second elec-
trodes, but in this Embodiment, the first and second elec-
trodes 35 and 36 are both disposed between the second
polarizing means 32 and liquid crystal 16. More specifi-
cally, the first electrode 35 and second electrode 36 are
both disposed on the surface of the second substrate 34
as mutually engaged tooth-shaped electrodes, and the
liquid crystal 16 is driven by an electric field formed by
the first electrode 35 and second electrode 36 and having
components parallel to the surface of the second sub-
strate 34.
[0132] Reference numerals 37 and 38 denote second
and third quarter λ phase difference plates, and same
plates as in the foregoing Embodiments are used. Ref-
erence numeral 39 denotes a reflection polarizer for re-
flecting the light polarized straightly in a specified direc-
tion, and transmitting the light straightly polarized in a
direction perpendicular to the specified direction, and the
same one as in the foregoing Embodiments is used.
[0133] Reference numeral 101c denotes a liquid crys-
tal display panel having a liquid crystal 16, and first and
second electrodes 35 and 36 for driving the liquid crystal
16, and in this Embodiment, this is a total transmission
type liquid crystal display panel for transmitting all light
passing through the liquid crystal 16. Such total trans-
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mission type liquid crystal display panel 101c is disclosed
in, for example, Japanese Examined Patent Publication
No. 21907/ 1998, and it is usually called a liquid crystal
panel of IPS (in-plane switching: lateral 5 electric field
application) system. In contrast to this, the total trans-
mission type liquid crystal display panel 101b shown in
Embodiment 3 is called a liquid crystal display panel of
longitudinal electric field application system.
[0134] The double-side display type liquid crystal dis-
play device and information appliance using the same
according to this Embodiment are same as the double-
side display type liquid crystal display device and infor-
mation appliance using the same according to Embodi-
ment 3, except that the total transmission type liquid crys-
tal display panel 101c of lateral electric field application
system is used instead of the total transmission type liq-
uid crystal display panel 101b of longitudinal electric field
application system, and mainly the location and structure
of the first and second electrodes and direction of electric
field for driving the liquid crystal 16 are different, and other
structure and operation are same as in Embodiment 3.
[0135] Although description of the operation is omitted,
in this Embodiment, too, same as in Embodiment 3, the
light straightly polarized in a specified direction, that is,
a part of the light passing from the front light side to the
liquid crystal 16 and reaching the reflection polarizer 39
is reflected by the reflection polarizer 39, and reaches
the first polarizing means 31, and the remainder, that is,
the light straightly polarized in a direction perpendicular
to the specified direction passes through the reflection
polarizer 39, and reaches the second polarizing means
32. In result, the display image can be visually recognized
from both sides of the first polarizing means 31 side and
second polarizing means 32 side.
[0136] Further, though the external light illuminating
the liquid crystal display device from the second polariz-
ing means 32 side is a factor of lowering the contrast of
the transmission type display image, since the second
polarizing means 32 absorbs the straight polarized light
in the direction of reflection of the reflection polarizer 39,
it is effective to heighten the contrast.
[0137] Effects of first, second and third quarter λ phase
difference plates 40, 37 and 38 are same as in Embod-
iment 3.
[0138] As explained herein, both of the first electrode
35 and second electrode 36 are disposed between the
second polarizing means 32 and liquid crystal 16, but the
first electrode 35 and second electrode 36 might be also
disposed between the first polarizing means 31 and liquid
crystal 16, and same effects are obtained.
[0139] As semitransmission reflecting means, the re-
flection polarizer 39 is disposed between the first quarter
λ phase difference plate 37 and second polarizing means
32, but instead of the reflection polarizer 39, by using a
reflector having transmission window (for example, an
aluminum vapor deposition mirror film having multiple
fine transmission windows) same as explained in Em-
bodiment 1, the reflector having transmission window

might be adhered, for example, to the liquid crystal 16
side of the second substrate 34.
[0140] So far, there is shown a case where, in the dou-
ble-side display type liquid crystal display device and in-
formation appliance using the same according to Em-
bodiment 3, the total transmission type liquid crystal dis-
play panel 101c of lateral electric field application system
is used instead of the total transmission type liquid crystal
display panel 101b of longitudinal electric field application
system. The present invention is not, however, limited to
this, and in the double-side display type liquid crystal dis-
play device and information appliance using the same
according to Embodiment 4 or 5, similarly, the total trans-
mission type liquid crystal display panel 101c of lateral
electric field application system might be used instead of
the total transmission type liquid crystal display panel
101b of longitudinal electric field application system.

EMBODIMENT 7

[0141] Fig. 16 to Fig. 18 are diagrams explaining a dou-
ble-side display type liquid crystal display device and an
information appliance using the same according to Em-
bodiment 7 of the invention, and more specifically Fig.
16 is a magnified sectional view of essential parts of a
foldable mobile phone as an information appliance, and
Fig. 17 and Fig. 18 are explanatory diagrams showing
examples of the direction of polarization of each light
shown in Fig. 16.
[0142] In Fig. 16, reference numeral 204a denotes a
conductive layer made of metal such as chromium or
aluminum disposed at the liquid crystal 16 side, and 204b
a low reflection layer made of, for example, chromium
oxide lower in reflectivity of light than the conductive layer
204a, being disposed at the opposite side (second sub-
strate 17 side) of the liquid crystal 16. In this Embodiment,
the metal wiring 204 disposed in the second substrate
(TFT array side glass substrate 17) for supplying voltage
to the second electrode (TFT array side transparent elec-
trode 23) has a two-layer structure of conductive layer
204a and low reflection layer 204b.
[0143] Usually, the metal wiring 204 of, for example,
source wiring or gate wiring is formed by etching and
patterning the film of chromium or aluminum formed on
the glass substrate by sputtering or the like, and therefore
the surface of the glass substrate side is a mirror-smooth
surface of high reflectivity. Therefore, as explained in Em-
bodiment 3, the light passing through the TFT array side
polarizer 19 and TFT array side reflection polarizer 58,
out of the external light (arrow Lo) illuminating the double-
side display type liquid crystal display device from the
second polarizing means 19 side, is reflected by the metal
wiring 204 formed on the TFT array side glass substrate
17, which is a cause to lower the contrast.
[0144] To prevent this, in Embodiment 3, the first quar-
ter λ phase difference plate (TFT array side quarter λ
phase difference plate 180) is provided to prevent the
reflected light at the metal wiring 204 from passing again
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through the reflection polarizer 58.
[0145] In this Embodiment, in contrast thereto, the low
reflection layer 204b of lower reflection of light than that
of the conductive layer 204a is formed on the TFT array
side glass substrate 17, and the conductive layer 204a
is formed thereon to realize the metal wiring 204 of two-
layer structure.
[0146] Since the metal wiring 204 has a two-layer
structure, the light passing through the TFT array side
polarizer 19 and TFT array side reflection polarizer 58
and reaching the metal wiring 204, out of the external
light (arrow Lo) illuminating the double-side display type
liquid crystal display device from the second polarizing
means 19 side, reaches the low reflection layer 204b,
and reflection is suppressed, thereby preventing decline
of contrast by the reflected light by the metal wiring 204.
[0147] With the use of Fig. 16 to Fig. 18, the operation
of the double-side display type liquid crystal display de-
vice of the Embodiment is explained below, mainly by
referring to the different points from Embodiment 3.
[0148] The light emitted from the light source 11 (arrow
L) spreads by diffusing and propagating through the light-
conducting plate 12, and is radiated by the reflection
prism 12a provided in the light-conducting plate 12 to the
CF side polarizer 13 side. The radiated light (arrow Li) is
straightly polarized by the CF side polarizer 13 (in Fig.
17 and Fig. 18, a straightly polarized light in the lateral
direction), and reaches the total transmission type liquid
crystal display panel 101d.
[0149] In the total transmission type liquid crystal dis-
play panel 101d, when voltage is applied between the
CF side transmission electrode 26 and TFT array side
transparent electrode 23, the direction of polarization is
not rotated as shown in Fig. 17, and the light is directly
transmitted in the lateral direction and is reflected by the
reflection polarizer 58. The reflected light (arrow Lr) pass-
es again through the total transmission type liquid crystal
display panel 101d, CF side polarizer 13, front light 6,
and transparent cover 5, and is visually recognized by
the user at the front light 6 side of the double-side display
type liquid crystal display device 10 (reflection type dis-
play).
[0150] In the total transmission type liquid crystal dis-
play panel 101d, when voltage is not applied between
the CF side transmission electrode 26 and TFT array
side transparent electrode 23, the direction of polariza-
tion is rotated by 90 degrees by the liquid crystal layer
as shown in Fig. 18, and the light is straightly polarized
in the longitudinal direction and is issued, and passes
through the reflection polarizer 58, TFT array side polar-
izer 19 and second quarter λ phase difference plate 40,
and is visually recognized by the user at the second po-
larizer (TFT array side polarizer 19) side of the double-
side display type liquid crystal display device 10 (trans-
mission type display).
[0151] As explained so far, in Embodiment 3, the metal
wiring (source wiring) 204 for supplying a voltage to the
TFT array side transparent electrode 23 is a two-layer

structure consisting of the conductive layer 204a dis-
posed at the liquid crystal 16 side, and a low reflection
layer 204b of lower reflectivity of light than that of the
conductive layer 204a disposed at the opposite side (TFT
array glass substrate 17 side) of the liquid crystal 16, but
in other Embodiments, other metal wiring (gate wiring)
for supplying a voltage to the first electrode or second
electrode might be also composed of a metal wiring of
two-layer structure, in which similar effects are obtained.
[0152] Preferably, the metal wiring formed at the posi-
tion closest to the TFT array glass substrate 17 is formed
in a two-layer structure of the conductive layer 204a and
the low reflection layer 204b of lower reflectivity of light
than that of the conductive layer 204a same as mentioned
above. By etching and patterning, simultaneously when
forming the wiring, the film for two-layer structure metal
wiring in a shape for shielding optically, in order to sup-
press the reflection of electric elements of higher reflec-
tivity such as other metal wiring or transistor formed near-
er to the liquid crystal 16 than the metal wiring layer, if
there is reflection of other member such as transistor, a
low reflection layer is formed similarly at the opposite
side of the liquid crystal 16 layer of the member, so that
lowering of contrast can be prevented. At this time, an
insulating layer might be interposed between other mem-
ber such as transistor and the low reflection layer.
[0153] The low reflection layer 204b is preferred to be
black, but the color is not specifically limited.
[0154] The low reflection layer 204b is not required to
be a completely black two-layer structure, but similar ef-
fects are expected as far as it is disposed optically closely
in a shape conforming to the shape of the conductive
layer 204a. In the two-layer structure, however, since the
process is finished by one step of transfer, the cost is
lower.
[0155] The technical scope of the present invention is
not limited to the foregoing Embodiments 1 to 7, but might
be changed and modified in various manners without de-
parting from the spirit and scope of the present invention.
[0156] For example, the liquid crystal display device is
not limited to the illustrated example of TFT system, but
includes, for example, a simple matrix system LCD (liquid
crystal display device). The writing manner of the TFT
liquid crystal panel is not limited to the so-called line se-
quential system, but same effects are obtained, for ex-
ample, by the dot sequential system by varying vertical
direction of writing.
[0157] In the foregoing Embodiments, the surface of
the front light 6 side of the double-side display type liquid
crystal display 10 is disposed at the outer side of the
second main body 3, and the surface of the second po-
larizing means 19 side of the double-side display type
liquid crystal display 10 is disposed at the inner side. But
the direction of location of the double-side display type
liquid crystal display 10 might be inverted, and in such a
case, when the second main body 3 is opened, the re-
flection type display with front light 6 is realized, and the
display image can be visually recognized by illumination
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of external light or front light 6. Therefore, in the case
where external light is sufficiently available, the display
image can be visually recognized without consuming the
electric power by lighting the front light 6. When the sec-
ond main body 3 is closed, by using the front light 6 as
the light source of the backlight, transmission type display
is realized, and the display image can be visually recog-
nized by lighting of the front light 6.
[0158] From the viewpoint of saving the power con-
sumption by lighting of the front light 6, the direction of
location of the double-side display type liquid crystal dis-
play 10 might be determined depending on the duration
of the time of opening state or closing state of the second
main body 3.
[0159] The above explanation is made based on mo-
bile phone as an example, but the present invention is
not limited to this, and similar effects are obtained in any
other information appliance comprising a first main body
having various operation switches and a second main
body having display means for visibly displaying various
kinds of information, such as foldable PDA, foldable wrist-
watch having a first main body fixed to the wrist, and
foldable calculator.
[0160] For example, in a foldable PDA, when the sec-
ond main body is closed, the image to be displayed in
the double-side display type liquid crystal display in-
cludes, for example, the calendar, clock, schedule, illus-
tration, portrait, game application, map, internet HP, dec-
orative pattern, and decorative illumination, and when
the second main body is opened, the image to be dis-
played in the double-side display type liquid crystal dis-
play includes the document writing screen, mail operation
screen, setting screen or the like.
[0161] In a foldable wristwatch, when the second main
body is closed, the image to be displayed in the double-
side display type liquid crystal display includes, for ex-
ample, the calendar and the clock, and when the second
main body is opened, the image to be displayed in the
double-side display type liquid crystal display includes
the alarm setting screen, schedule setting screen or the
like.
[0162] In the Embodiments explained so far, the dou-
ble-side display type liquid crystal display of the invention
is used as the display device of the information appliance,
and the information appliance is designed to recognize
the display image visually by the same liquid display de-
vice both in the cases where the second main body hav-
ing the display device is opened and where the same is
closed, but the present invention is not limited to this, and
it might be also used as the display device serving also
as a cover for concealing the setting switch in an appli-
ance having a setting switch not used in ordinary oper-
ation, such as refrigerator, microwave oven, room cooler
and other electric household appliance. Moreover, in the
double-side display type liquid crystal display of the in-
vention, since the display image can be recognized si-
multaneously from both sides of the first polarizing means
side and second polarizing means side, it can be also

used as a display device for face-to-face game applica-
tion played by two players sitting opposite to each other.
[0163] Thus, according to the double-side display type
liquid crystal display of the present invention comprising
a liquid crystal, first and second electrodes for driving the
liquid crystal, first and second polarizing means disposed
on both sides of the liquid crystal, a front light disposed
at the opposite side of the liquid crystal of the first polar-
izing means, and semitransmission reflecting means dis-
posed at the second polarizing means side of the liquid
crystal for passing a part of light from the front light side
passing through the liquid crystal, in which the first po-
larizing means is optically disposed so as to absorb or
transmit the light passing through the liquid crystal, and
the second polarizing means is optically disposed so as
to absorb or transmit the light passing through the liquid
crystal and then passing through the semitransmission
reflecting means. Therefore, the light, both front light and
external light, reaching the semitransmission reflecting
means by passing through the first polarizing means and
liquid crystal from the front light side partly passes
through the semitransmission reflecting means and
reaches the second polarizing means, and the light
dimmed according to the driving state of the liquid crystal
passes through the second polarizing means to be radi-
ated to outside of the double-side display type liquid crys-
tal display device (transmission type display). At this time,
if the surrounding is bright, the external light entering the
liquid crystal from the second polarizing means is not
reflected, so that transmission type display of high con-
trast is realized. A part of the light is reflected by the
semitransmission type reflecting means and passes
again the liquid crystal to reach the first polarizing means,
and the light dimmed according to the driving state of the
liquid crystal passes through the first polarizing means,
and further passes through the front light to be radiated
to outside of the double-side display type liquid crystal
display device (reflection type display). In result, a bright
display screen of excellent display quality can be recog-
nized from both sides of the first polarizing means side
and second polarizing means side.
[0164] Further, the semitransmission reflecting means
is a reflector disposed between the liquid crystal and the
second polarizing means, and having a transmission win-
dow for passing a part of the light from the front light side
passing through the liquid crystal, so that the light reach-
ing the reflector after passing through the first polarizing
means and liquid crystal from the front light side partly
passes through the transmission window of the reflector
to reach the second polarizing means, while the remain-
der is reflected by the reflector to reach the first polarizing
means. In result, the display image can be visually rec-
ognized from both sides of the first polarizing means side
and second polarizing means side.
[0165] The first and second electrodes are transparent
electrodes disposed between the liquid crystal and first
polarizing means and the liquid crystal and second po-
larizing means respectively, and the reflector having a
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transmission window is disposed at the opposite side of
the liquid crystal of the second electrode, so that the light
reaching the reflector having the transmission window
after passing through the first polarizing means, first elec-
trode, liquid crystal, and second electrode from the front
light side partly passes through the transmission window
of the reflector to reach the second polarizing means,
and the remainder is reflected by the reflector to reach
the first polarizing means. In result, the display image
can be visually recognized from both sides of the first
polarizing means side and second polarizing means side.
[0166] Moreover, the semitransmission reflecting
means is a reflection polarizer disposed between the liq-
uid crystal and the second polarizing means, for reflecting
the light having a specified polarizing characteristic and
passing all other light, so that the light having a specified
polarizing characteristic which is a part of the light reach-
ing the reflection polarizer after passing through the liquid
crystal from the front light side is reflected by the reflection
polarizer to reach the first polarizing means, and the re-
maining light mostly passes through the reflection polar-
izer to reach the second polarizing means, thereby the
display image can be visually recognized from both sides
of the first polarizing means side and second polarizing
means side. At this time, for the light of the specified
polarizing characteristic, since the entire surface of the
reflection polarizer is the reflection plane, a high reflec-
tivity is expected, while for the other light than the light
of the specified polarizing characteristic, to the contrary,
since the entire surface of the reflection polarizer is the
transmission plane, a high transmissivity is expected.
[0167] Further, the device includes first and second
glass substrates holding the liquid crystal therebetween
and disposed between the liquid crystal and the first and
second polarizing means respectively, and a color filter
provided at a liquid crystal side of either first or second
glass substrate, a reflection polarizer is adhered to the
opposite side of the liquid crystal of the second substrate,
and the thickness of the second substrate is 5 times or
less of the narrowest width of the color filter, so that re-
absorption of reflected light by the color filter can be sup-
pressed, thereby a bright reflected image can be visually
recognized.
[0168] Further, the device includes a metal wiring elec-
trically connected to the first electrode or second elec-
trode, a first quarter λ phase difference plate is disposed
between the metal wiring and first polarizing means when
the metal wiring is located between the liquid crystal and
the first polarizing means, or between the metal wiring
and reflection polarizer when the metal wiring is located
between the liquid crystal and reflection polarizer, so that
when the metal wiring is located between the liquid crystal
and first polarizing means, a part of the light passing
through the first polarizing means is reflected by the metal
wiring, but the direction of polarization is rotated by 90
degrees since the reflected light has already passed the
quarter λ phase difference plates by two reciprocal
strokes, so that the light cannot pass the first polarizing

means again. On the other hand, when the metal wiring
is located between the liquid crystal and the reflection
polarizer, a part of the external light passing through the
second polarizing means and reflection polarizer is re-
flected by the metal wiring, but the direction of polariza-
tion is rotated by 90 degrees since the reflected light has
already passed the quarter λ phase difference plates by
two reciprocal strokes, so that the light cannot pass the
reflection polarizer again. Therefore, the reflected light
by the metal wiring does not reach up to the eyes of the
observer, and lowering of contrast by reflected light from
the metal wiring can be prevented.
[0169] Further, the device includes a metal wiring elec-
trically connected to the first electrode or second elec-
trode, and a low reflection layer of lower reflectivity of
light than that of the metal wiring is disposed at the op-
posite side of the liquid crystal of the metal wiring, being
disposed optically closely in a shape after the metal wir-
ing, so that a part of the light passing through the polar-
izing means at the opposite side of the liquid crystal of
the metal wiring is reflected by the surface of the metal
wiring, but the reflection is suppressed by the low reflec-
tion layer, thereby a high contrast might be obtained.
[0170] An information appliance of the present inven-
tion is an information appliance comprising a first main
body having various operation switches, and a second
main body having display means for visually displaying
various kinds of information, being coupled to the first
main body in an opening and closing manner, in which
the display means is a double-side display type liquid
crystal display device comprising a liquid crystal, first and
second electrodes for driving the liquid crystal, first and
second polarizing means disposed on both sides of the
liquid crystal, a front light disposed at the opposite side
of the liquid crystal of the first polarizing means, and semi-
transmission reflecting means disposed at the second
polarizing means side of the liquid crystal for passing a
part of light from the front light side passing through the
liquid crystal, and in which windows are disposed at the
inner side of the casing of the inside and at the outer side
of the outside when the second main body is closed, the
surface of the front light side of the double-side display
type liquid crystal display device is disposed at one win-
dow, and the surface of the second polarizing means
side of the double-side display type liquid crystal display
device is disposed at the other. Therefore, without re-
quiring an extra image display device, the display image
can be visually recognized by a same liquid crystal dis-
play device both in the case where the second main body
is opened and in the case where the same is closed.
[0171] The surface of the front light side of the double-
side display type liquid crystal display device is disposed
at the window provided at the outer side of the second
main body, and the surface of the second polarizing
means side of the double-side display type liquid crystal
display device is disposed at the window provided at the
inner side, so that the reflection type display by the front
light is possible when the second main body is closed,
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and the display image can be visually recognized by ex-
ternal light or lighting of front light. Therefore, in the case
where external light is sufficiently available, the display
image can be visually recognized without consuming
electric power by lighting of the front light. Also in the
case where the second main body is opened, transmis-
sion type display using front light as the light source of
backlight is possible, and the display image can be vis-
ually recognized by lighting the front light.
[0172] The appliance further includes opening/closing
judging means for judging the opening or closing of the
second main body, and a front light lighting switch which
cooperates with the opening/closing judging means for
lighting the front light when the main body is judged to
be opened, so that when the second main body is
opened, the front light lights up automatically, and the
display image can be visually recognized.
[0173] The appliance further includes writing direction
inverting means for inverting the writing direction of dis-
play image data into each pixel of the double-side display
type liquid crystal display device in the vertical or lateral
direction, so that when the second main body opens and
closes in the vertical direction, the writing direction of the
display image data into each pixel of the double-side dis-
play type liquid crystal display device is inverted in the
vertical direction depending on the opening or closing
state of the second main body, while in the case of open-
ing and closing in the lateral direction, it is inverted in the
lateral direction, thereby display image in the correct di-
rection can be visually recognized without changing the
holding position when opening or closing the second
main body.
[0174] The appliance further includes data converting
means for converting the data of display image into data
inverted in the vertical or lateral direction, so that when
the second main body opens and closes in the vertical
direction, the display image data is shuffled upside down
depending on the opening or closing state of the second
main body, while in the case of opening and closing in
the lateral direction, it is inverted by shuffling right and
left, thereby the display image in the correct direction can
be visually recognized without changing the holding po-
sition when opening or closing the second main body.
[0175] The appliance further includes data converting
means for converting the gradation of the data of display
image, so that the display is shown always in correct
color both in the case where the second main body is
opened and in the case where it is closed.
[0176] The appliance further includes a second quarter
λ phase difference plate disposed at the opposite side
of the liquid crystal of the second polarizing means of the
double-side display type liquid crystal display device, so
that when viewing the display screen of the first polarizing
means side with the display screen of the second polar-
izing means side being shielded, it is effective to suppress
the light transmitted to the second polarizing means side
from the semitransmission reflecting means from reflect-
ing at random by the shielding body to re-enter the liquid

crystal display device, and hence color oozing, image
blurring and contrast lowering can be suppressed.

INDUSTRIAL APPLICABILITY

[0177] A double-side display type liquid crystal display
capable of displaying bright images of excellent display
quality at both face and reverse sides is presented, and
moreover display images can be visually recognized in
one liquid crystal display device both in the case where
a second main body is opened and in the case where
closed.

Claims

1. A double-sided liquid crystal display device, com-
prising:

- first and second substrates (15, 17),
- a liquid crystal material (16) which is disposed
between the first and second substrates (15,
17),
- first and second electrodes (23, 26) for driving
the liquid crystal material (16),
- first and second polarizing means (13, 19) dis-
posed on opposite sides of the first and second
substrates (15. 17),
- a phase difference plate (18) disposed be-
tween the first polarizing means (13) and the
first substrate (15),
- a front light (6) disposed on the opposite side
of the first polarizing means (13) from the liquid
crystal material (16), and
- semitransmission reflecting means (21) dis-
posed on the same side of the liquid crystal ma-
terial (16) as the second polarizing means (19),
for passing a part of light from the front light (6)
passing through the liquid crystal material (16),

wherein the semitransmission reflecting means (21)
comprise a reflection polarizer (58), disposed be-
tween the liquid crystal material (16) and the second
polarizing means (19), reflecting light having a spec-
ified polarization and passing all other light,
wherein the first polarizing means (13) are optically
disposed to absorb or transmit light passing through
the liquid crystal material (16),
wherein the second polarizing means (19) are opti-
cally disposed to absorb or transmit light passing
through the liquid crystal material (16) and then pass-
ing through the semitransmission reflecting means
(21), and
wherein part of the light passing through the second
polarizing means (19) and through the liquid crystal
material (16) is absorbed and the light not so ab-
sorbed is transmitted by the first polarizing means
(13).
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2. The display device according to Claim 1,
wherein the display device (10) further includes
first and second glass substrates (15, 17) holding
the liquid crystal (16) therebetween and disposed
between the liquid crystal (16) and the first and sec-
ond polarizing means (13, 19), respectively, and
a color filter (25) at either liquid crystal side of the
first or second glass substrate (15, 17),
wherein the reflection polarizer (58) is adhered to
the opposite side of the liquid crystal (16) of the sec-
ond substrate (17); and
wherein the thickness of the second substrate (17)
is 5 times or less of the narrowest width of the color
filter (2.5).

3. The display device according to Claim 1 or 2,
wherein the display device (10) further includes a
metal wiring (204) electrically connected to the first
electrode (26) or the second electrode (23), and
wherein a first quarter λ phase difference plate (40)
is disposed between the metal wiring (204) and the
first polarizing means (13) when the metal wiring
(204) is located between the liquid crystal (16) and
the first polarizing means (13), or between the metal
wiring (204) and the reflection polarizer (58) when
the metal wiring (204) is located between the liquid
crystal (16) and the reflection polarizer (58).

4. The display device according to Claim 1 or 2,
wherein the display device (10) further includes a
metal wiring (204) electrically connected to the first
electrode (26) or the second electrode (23), and
wherein a low reflection layer (204b) of lower reflec-
tivity of light than that of the metal wiring (204) dis-
posed at the opposite side of the liquid crystal (16)
of the metal wiring (204), the low reflection layer
(204b) being disposed optically closely in a shape
after the metal wiring (204).

5. An information appliance, comprising
a first main body (1) having various operation switch-
es (2), and
a second main body (3) having the double-side dis-
play liquid crystal display device (10) according to
any of Claims 1 to 4,
for visually displaying various kinds of information,
being coupled to the first main body (1) in an opening
and closing manner,
wherein windows are disposed at an inner side of a
casing and at an outer side thereof when the second
main body (3) is closed;
wherein a surface of a front light side of the display
device (10) is disposed at one window; and
wherein the surface of a second polarizing means
(19) side of the display device (10) is disposed at
another window.

6. The information appliance according to Claim 5,

wherein the surface of the display device (10) on the
front light side is disposed at the window provided
at an outer side of the second main body (3), and
the surface of the display device (10) on the second
polarizing means (19) side is disposed at the window
provided at the inner side.

7. The information appliance according to Claim 5 or 6,
wherein the appliance further includes writing direc-
tion inverting means (63) for inverting the writing di-
rection of display image data into each pixel of the
display device (10) in vertical or lateral direction.
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